Recent investigations have supported the suggestion that phonological speech errors may reflect the simultaneous activation of more than one phonemic representation. This presents a challenge for speech error evidence which is based on the assumption of wellformedness, because we may continue to perceive well-formed errors, even when they are not produced. To address this issue, we present two tongue-twister experiments in which the articulation of onset consonants is quantified and compared to baseline measures from cases where there is no phonemic competition. We report three measure of articulatory variability: changes in tongue-to-palate contact using electropalatography (EPG, Experiment 1), changes in midsagittal spline of the tongue using ultrasound (Experiment 2), and acoustic changes manifested as voice-onset time (VOT). These three sources provide converging evidence that articulatory variability increases when competing onsets differ by one phonological feature, but the increase is attenuated when onsets differ by two features. This finding provides clear evidence, based solely on production, that the articulation of phonemes is influenced by cascading activation from the speech plan.
Introduction
A long tradition of psycholinguistic research has maintained that the words we produce are occasionally affected by the insertions, deletions, or substitutions of well-formed phonemes (e.g., Dell, 1986; Garrett, 1980; Meringer & Mayer, 1978; Shattuck-Hufnagel & Klatt, 1979) . Based on this assumption, the patterns with which such errors occur have been used to determine further properties of the language production system. Substitutions, for example, are more likely to occur when there is phonemic similarity between the phoneme that is intended by the speaker and the phoneme that is eventually produced (Butterworth & Whittaker, 1980; Dell & Reich, 1981; Kupin, 1982; Levitt & Healy, 1985; MacKay, 1970 MacKay, , 1980 Nooteboom, 2005a Nooteboom, , 2005b Shattuck-Hufnagel, 1986; Shattuck-Hufnagel & Klatt, 1979; Stemberger, 1982 Stemberger, , 1985 del Viso, Igoa, & Garcia-Albea, 1991; Vousden, Brown, & Harley, 2000; Wilshire, 1999) . One interpretation of this effect is that the production of phonemes in speech is influenced by the activation of subsegmental representations, such as phonological features, prior to articulation. As a consequence of feedback from these feature-level representations, misactivated phonemes which share features with an intended phoneme are likely to accrue activation through reinforcement (Dell, 1986) . The phonemes which have the highest level of activation after a set period of time are selected and used to drive the process of articulation (Dell, 1986; cf. Levelt, Roelofs, & Meyer, 1999; Shattuck-Hufnagel & Klatt, 1979) .
However, recent evidence has challenged the view that the articulatory plan is driven by selected phonemic representations. Articulatory and acoustic investigations have shown that many speech errors do not necessarily consist
